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Abstract 



A gas producing apparatus is described for producing a glass formation gas required in an FHD method, 
a VAD method or an OVD method. A glass formation material is supplied intact in the form of a liquid to 
a vaporizer (28), and the supply quantity of this liquid material is controlled directly by a liquid flow rate 
control means (26) while the material is kept in the form of a liquid. In addition, at the same time as the 
liquid material is vaporized by the vaporizer (28), a fixed amount supply means (29) supplies an inert 
gas or a combustion gas at a fixed flow rate to the vaporizer (28). Since this prevents a pressure rise in 
the vaporizer (28), the liquid material is stably supplied to the vaporizer (28). Therefore, a fixed amount 
of vaporization of the liquid material is constantly performed in the vaporizer (28) without being 
influenced by variations in the atmospheric pressure. Furthermore, since the vaporized material is 
supplied to a burner (31) together with the inert gas or the combustion gas supplied at a fixed flow rate 
from the fix ed am ount supply means (29), the burner (31) injects a fixed amount of the material gas at 



any instant. L 
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© Gas producing apparatus and method and apparatus for manufacturing optical waveguide and 
optical fiber preform. 

© A gas producing apparatus is described for producing a glass formation gas required in an FHD method, a 
VAD method or an OVD method. A glass formation material is supplied intact in the form of a liquid to a 
vaporizer (28), and the supply quantity of this liquid material is controlled directly by a liquid flow rate control 
means (26) while the material is kept in the form of a liquid. In addition, at the same time as the liquid material is 
vaporized by the vaporizer (28), a fixed amount supply means (29) supplies an inert gas or a combustion gas at 
a fixed flow rate to the vaporizer (28). Since this prevents a pressure rise in the vaporizer (28), the liquid material 
is stably supplied to the vaporizer (28). Therefore, a fixed amount of vaporization of the liquid material is 
constantly performed in the vaporizer (28) without being influenced by variations in the atmospheric pressure- 
Furthermore, since the vaporized material is supplied to a burner (31) together with the inert gas or the 
combustion gas supplied at a fixed flow rate from the fixed amount supply means (29), the burner (31) injects a 
fixed amount of the material gas at any instant. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a gas producing apparatus for producing a glass formation gas required 

in a flame hydrolysis deposition (FHD) method, a vapor axial deposition (VAD) method or an outside vapor 
deposition (OVD) method, and a method and an apparatus for manufacturing an optical waveguide and an 
optical fiber preform by using the glass formation gas produced by the gas producing apparatus. 

70 Related Background Art 

Conventionally, a glass formation gas required in the manufacture of silica-based optical waveguides is 
produced by, e.g., a gas producing apparatus illustrated in Fig. 1. 

This gas producing apparatus produces a gas by using a carrier gas flow rate control method. Referring 

75 to Fig. 1, a liquid glass formation material is contained in a material tank 1 which is heated by a heater 2 
surrounding the material tank 1. A carrier gas 5 controlled at a predetermined flow rate by a flow rate 
control unit 4 is supplied to the material tank 1 . A material gas heated at the temperature of the heater 2 is 
supplied, together with the carrier gas 5. to a condenser 8 through an upper space 7 of the tank 1 and a 
pipe 9a. The material gas supplied to the condenser 8 is cooled to a predetermined temperature and sent 

20 as a saturated vapor gas to a burner 1 1 through a pipe 9b. The end of the burner 1 1 extends through the 
wall of a reactor vessel 15. The burner 11 injects the material gas supplied through the pipe 9b and a gas 
mixture of 0 2 and hfe supplied as a combustion gas. The material gas injected from the burner 11 is 
hydrolyzed by the flame of the combustion gas to yield fine glass oxide particles. 

In the manufacture of optical waveguides, the fine glass oxide particles injected from the burner 1 1 are 

25 deposited on the surfaces of substrates 10 placed on a turntable 12 to oppose the burner 11. These 
substrates 10 are uniformly heated by lower heaters 14 provided below the turntable 12. Excess fine glass 
particles not deposited on the substrates 10 are exhausted by an exhaust pipe 13 and treated by an 
exhaust treatment unit provided outside the reactor vessel 15 to evacuate the reactor vessel 15 to the 
atmospheric pressure or lower. 

30 A glass formation gas required in the manufacture of optical fiber preforms is conventionally produced 
by, e.g., a gas producing apparatus shown in Fig. 2. 

A gas production section of this gas producing apparatus has an arrangement similar to that shown in 
Fig. 1, so the same reference numerals as in Fig. 1 denote the same or corresponding parts in Fig. 2, and a 
detailed description thereof will be omitted. To manufacture an optical fiber preform, fine glass oxide 

as particles injected from a burner 11 are deposited on a seed rod or bait 17 which is placed in a reactor 
vessel 16 to oppose the burner 11. Excess fine glass oxide particles not deposited on the seed rod 17 are 
exhausted by an exhaust pipe 18 and treated by an exhaust treatment unit 19 connected to the exhaust 
pipe 18. 

In either of the above conventional gas producing apparatuses, however, the flow rate of the glass 
40 material gas supplied to the burner 11 varies largely due to variations in the atmospheric pressure. This 
introduces variations in the thickness of the layer of the fine glass oxide particles deposited on the substrate 
10 or on the seed rod 17. Consequently, the thickness of a thin glass film or the diameter of an optical fiber 
preform obtained by vitrifying this fine-glass-particle layer cannot be uniform. That is, the thickness of the 
fine-glass-particle layer differs from one portion to another, resulting in a distribution in the film thickness or 
45 the preform diameter. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a gas producing apparatus capable of supplying a 
so glass material gas at a fixed flow rate without being influenced by variations in the atmospheric pressure, 
and a method and an apparatus for manufacturing an optical waveguide or an optical fiber preform by using 
the gas supplied from the gas producing apparatus. 

The above object of the invention can be achieved by a gas producing apparatus for producing a glass 
formation gas, comprising a tank for containing a liquid material which contains a glass component, a 
55 vaporizer for vaporizing the liquid material contained in the tank, liquid flow rate control means for 
controlling a flow rate of the liquid material supplied from the tank to the vaporizer, fixed amount supply 
means for maintaining a flow rate of the vaporized material output from the vaporizer constant by supplying 
an inert gas or a combustion gas at a fixed flow rate to the vaporizer, and a burner for producing fine glass 
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particles by injecting the material vaporized by the vaporizer together with the combustion gas and 

hydrolyzing the material with flame. 

A glass formation material is supplied intact in the form of a liquid to a vaporizer, and the supply 

quantity of this liquid material is controlled directly by a liquid flow rate control means while the material is 
5 kept in the form of a liquid. In addition, at the same time the liquid material is vaporized by the vaporizer, a 

fixed amount supply means supplies an inert gas or a combustion gas at a fixed flow rate to the vaporizer. 

Since this prevents a pressure rise in the vaporizer, the liquid material is stably supplied to the vaporizer. 

Therefore, a fixed amount of vaporization of the liquid material is constantly performed in the vaporizer 

without being influenced by variations in the atmospheric pressure. Furthermore, since the vaporised 
io material is supplied to a burner together with the inert gas or the combustion gas supplied at a fixed flow 

rate from the fixed amount supply means, the burner injects a fixed amount of the materia! gas at any 

instant. 

Also, a pipe for supplying the inert gas or the combustion gas from the fixed amount supply means to 

the vaporizer is heated to a temperature higher than the vaporization temperature of the material. Therefore, 
75 the material gas vaporized by the vaporizer is not again liquefied by the inert gas or the combustion gas, 

and this makes stable supply of the liquid material to the vaporizer possible. A pipe for supplying the 

material gas from the vaporizer to the burner is also heated to a temperature higher than the vaporization 

temperature of the material. Consequently, the material gas does not liquefy before it reaches the burner, 

so a fixed' amount of the material gas carrbe supplied ioihe burner. 
20 Moreover, a homogeneous optical waveguide or optical fiber preform can be manufactured by 

producing fine glass particles by injecting the material gas supplied as mentioned above against a rotating 

substrate or seed rod and hydrolyzing the material gas by flame. 

Note that the material vaporized by the vaporizer is not necessarily a gas but in some cases in a state 

in which a liquid in the form of fine particles is floating in a gas. In the present invention, it is assumed that 
25 the term "gas" also includes this state. 

The present invention will become more fully understood from the detailed description given herein- 

below and the accompanying drawings which are given by way of illustration only, and thus are not to be 

considered as limiting the present invention. 

Further scope of applicability of the present invention will become apparent from the detailed 
30 description given hereinafter. However, it should be understood that the detailed description and specific 

examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 

since various changes and modifications within the spirit and scope of the invention will become apparent to 

those skilled in the art from this detailed description. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conventional gas producing apparatus for use in the manufacture of 
optical waveguides; 

Fig. 2 is a block diagram showing a conventional gas producing apparatus for use in the manufacture of 
40 optical fiber preforms; 

Fig. 3 is a block diagram showing a gas producing apparatus for use in the manufacture of optical 
waveguides according to the first embodiment of the present invention; 

Fig. 4 is a sectional view showing the internal structure of a liquid flow rate controller for controlling the 
flow rate of a liquid material to be supplied to a vaporizer; 
45 Fig. 5 is a sectional view showing the internal structure of an example of the vaporizer; 

Fig. 6 is an enlarged sectional view showing a portion near the end of a liquid feed pipe of the vaporizer 
in Fig. 5; 

Fig. 7 is a block diagram showing a gas producing apparatus for use in the manufacture of optical fiber 
preforms according to the second embodiment of the present invention; 
50 Fig. 8 is a graph showing the transmission band characteristic distribution of optical fibers obtained from 
a preform manufactured by using the gas producing apparatus of the second embodiment; and 
Fig. 9 is a graph showing the transmission band characteristic distribution of optical fibers obtained from 
a preform manufactured by a conventional gas producing apparatus. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the conventional gas producing apparatuses illustrated in Figs. 1 and 2, a variation in a glass material 
gas flow rate caused by a change of the atmospheric pressure is considered as follows. That is, in a carrier 
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gas flow rate control scheme conventionally performed in a gas producing apparatus, a flow rate Q s per unit 
time of a material gas supplied to a reactor vessel is represented by the following equation: 

Qs = Qc x P s CT)/(Po - Ps(T)) (1) 

5 

where Qc is the flow rate per unit time of a carrier gas, T is the temperature of a condenser, Ps(T) is the 
saturated vapor pressure of a material in a liquid state at the temperature T, and Po is the pressure in a 
pipe at the outlet of the condenser. 

Since the interior of the conventional reactor vessel discussed earlier is at normal pressure, its absolute 
70 pressure varies with variations in the atmospheric pressure, and this variation results in a variation in the 
material gas flow rate Q s . As an example, if SiCU gas at a temperature of 36 *C and a saturated vapor 
pressure of 360 mmHg is supplied to a condenser set at the same temperature, a variation AQ S of the 
material gas flow rate Q s is represented by the following equation assuming that the variation of the 
atmospheric pressure is 760 ± 10 mmHg (about 1.3%): 

75 

I AQ S /Q S I = I AP 0 I /(P 0 - P S (T)) 
= 10/(760 - 366) 
20 = 0.025 

That is, a material gas flow rate variation of ±2.5% is produced for the atmospheric pressure variation of 
about ±1.3%. Conventionally, a flow rate variation of a material gas to this extent has been neglected. 

25 However, even a variation to this extent can no longer be neglected in order to perform more precise glass 
film thickness control for optical waveguides and optical fiber preforms. When optical axis alignment with an 
optical fiber or an optical waveguide subsequent to the manufacture of an optical waveguide or an optical 
fiber preform is taken into account, the film thickness distribution of a thin glass oxide film must be 30 ± 0.5 
urn or less. When this is taken into consideration, therefore, it is necessary to decrease the variation AQ S of 

30 the material gas flow rate Q s to ±1.7% or less, in which stability (reproducibility) of the material flow rate is 
sufficient. 

A gas producing apparatus according to the first embodiment of the present invention is described 
below with reference to Fig. 3. The gas producing apparatus produces a glass formation gas required in 
manufacturing an optical waveguide on a substrate. 

35 A tank 21 stores a glass formation material in a liquid state. An upper space 22 of the tank 21 is 
pressurized by a pressure control system 23, and the liquid material stored in the tank 21 is supplied intact 
in the form of a liquid to a pipe 24a. 

The pressure control system 23 is so designed as to supply a gas controlled in flow rate and pressure 
to the upper space 22 of the tank 21. At this time, the pressure of the gas is desirably at least 3.0 kgf/cm 2 G, 

40 in order to prevent a liquid flow from becoming unstable due to expansion of the volume of the material in a 
vaporizer 28, thereby allowing a stable operation of a liquid flow rate controller 26. In addition, a gas to be 
used must meet the conditions of not reacting with the material, not dissolving the material, and being 
harmless. Preferred examples of the gas are He, Ar, and N 2 . 

The material consumed in this material supply is replenished by a replenisher system. The replenish- 

45 ment is done by supplying the material from at least one replenisher tank 50 provided before the tank 21. It 
is desirable that the material be supplied from the replenisher tank 50 by He, Ar or N2 at a pressure higher 
by 0.3 kgf/cm 2 G or more than the internal pressure of the tank 21. This is so because, if the pressure 
difference is smaller than 0.3 kgf/cm 2 G, the replenishing speed becomes unstable, and this makes the 
supply by pressure impossible depending on the positional relationship between the tank 21 and the 

so replenisher tank 50. A replenisher flow rate controller 25 which either is identical type with the liquid flow 
rate controller 26 or is a needle valve or the like is arranged between the replenisher tank 50 and the tank 
21. This replenisher flow rate controller 25 controls the flow rate of the material to be supplied from the 
replenisher tank 50 to the tank 21 . 

The flow rate of the liquid material supplied to the pipe 24a is controlled at a predetermined value by 

55 the liquid flow rate controller 26. The liquid material thus controlled in flow rate is sent to the vaporizer 28 
surrounded by a heater 27a, and is vaporized with heat. In this case, when the material in the liquid state is 
vaporized to expand in the vaporizer 28. the internal pressure of the vaporizer 28 sometimes rises abruptly 
to become higher than the pressur of the pressure control system 23. This makes it impossible to stably 
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supply the material in the liquid state to the vaporizer 28. Therefore, the material gas in the vaporizer 28 is 
exhausted outside the vaporizer 28 at a stable flow rate by producing a flow of gas with a fixed v locity by 
supplying a carrier gas to the vaporizer via a gas flow rate controller 29. That is. a so-called mass-flow 
controller is constituted. By decreasing the internal pressure of the vaporizer 28 to be lower than the 

5 pressure of the pressure control system 23 in this way, the materia) in the liquid state can be supplied 
stably. A pipe 24c for supplying the carrier gas to the vaporizer 28 is heated to a temperature higher than 
the vaporization temperature of the material by a heater 27c. This is so because, if the temperature of the 
carrier gas is lower than the temperature of the material gas, the carrier gas liquefies the material gas when 
joining the material gas inside the vaporizer 28, and this makes the supply of the material gas unstable. The 

10 material gas and the carrier gas are fed to a burner 31 through a pipe 24b after being mixed in the 
vaporizer 28. Since this pipe 24b is also heated to a temperature higher than the vaporization temperature 
of the material by a heater 27b, the material gas does not be liquefied before it reaches the burner 31 . 

Fig. 4 is a sectional view showing an example of the liquid flow rate controller 26. The liquid flow rate 
controller 26 can be the type "LV-610" manufactured by the STEC incorporated. A .liquid material is 

75 supplied from an inlet 52, and the flow rate of the material is sensed by a sensor unit 54. Thereafter, the 
liquid material is flowed to an outlet 58 through a valve unit 56. A signal indicating the flow rate sensed by 
the sensor unit 54 is processed by a bridge circuit 60, an amplification circuit 62, and a comparison control 
circuit 64. The valve opening of the valve unit 56 is controlled on the basis of the processing result, and 
thereby the tiow rate of the material passing through ihe liquid flow rate conir oiler 26 is kept at a 

20 predetermined value. The replenisher flow rate controller 25 and the gas flow rate controller 29 basically 
have the same structure as the liquid flow rate controller 26, and a detailed description thereof will be 
omitted. 

Fig. 5 is a sectional view showing an example of the vaporizer 28. Referring to Fig. 5, a pipe 66 
consists of a metal with a high thermal conductivity and a high corrosion resistance, such as stainless steel. 

25 The pipe 66 is so arranged as to extend through a through hole 70 formed in a heater block 68 consisting 
of a metal having a high thermal conductivity, such as aluminum. A heater 72 for heating the heater block 
68 and the pipe 66 is provided in the heater block 68. 

A powder 74 with a high thermal conductivity and a high corrosion resistance is packed in a portion of 
the pipe 66 adjacent to the heater block 68. A liquid feed pipe 78 is inserted into the entrance of this portion 

30 on the upstream side. A vaporization chamber 76 is thus constituted. An example of the powder 74 is a 
powder consisting of a metal, such as stainless steel or titanium, or ceramics, such as SiC, and having a 
diameter of 100 urn or more, preferably about 120 urn. Mesh members 80 and 82 are provided at both the 
ends of the vaporization chamber 76 to prevent a leak of the powder 74 from the vaporization chamber 76. 
The mesh size is, for example, about 20 urn. The mesh member 82 on the downstream side also functions 

35 as a fitter. 

The liquid feed pipe 78 feeds the liquid material into the vaporization chamber 76. The liquid feed pipe 
78 consists of a thin pipe having an inner diameter of 0.4 mm, like a capillary, and is arranged in a portion 
of the pipe 66 on the upstream side so as to be concentric with the pipe 66. The upstream end of this liquid 
feed pipe 78 is connected to the tank 21 via the pipe 24a. As shown in Fig. 6, the downstream end of the 

40 pipe 78 projects toward the downstream side farther than the mesh member 80, i.e., projects into the 
vaporization chamber 76 through the mesh member 80. A small-diameter portion 86 with an inner diameter 
of, e.g., 0.1 mm which is smaller than the diameter of the powder 74 is formed at the end of the liquid feed 
pipe 78, This small-diameter portion 86 is inserted into the portion packed with the powder 74. If the length 
of the powder packed portion is 150 mm, for example, the distance between the downstream end of the 

45 small-diameter portion 86 and the mesh member 80, i.e., the length of a portion of the liquid feed pipe 78 
inserted into the powder 74 is appropriately 10 to 15 mm. 

Referring back to Fig. 5, a block-like pipe joint 88 is provided between a connection portion 90 
connecting the pipe 24a with the pipe 66 and the vaporization chamber 76. The pipe joint 88 is connected 
to the pipe 66. The pipe joint 88 consists of a metal with a high thermal conductivity and a high corrosion 

so resistance, such as stainless steel. The upstream side of the pipe joint 88 is connected to a winding carrier 
gas feed pipe 92 which is connected to the gas flow rate controller 29. The members such as the heater 
block 68, the pipe joint 88, and the carrier gas feed pipe 92 are housed in a housing 94 having a heat 
insulating structure. The vaporized material is fed from an outlet 96 to the burner 31 , and the carrier gas is 
fed to the carrier gas feed pipe 92 through a carrier gas inlet 98. 

55 The vaporizer is also described in U.S.P. No. 4,529,427 or 5,078,092. 

The burner 31 is supplied with a gas mixture of O2 and H 2 , as a combustion gas, in addition to the 
material gas, and injects the material gas and the combustion gas. The material gas thus injected causes a 
hydrolysis reaction due to the flame of the combustion gas. This consequently produces fine glass 
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particles. These fine glass particles are injected against substrates 36 placed on a turntable 32 in a reactor 
vessel 35. Each substrate 36 is uniformly heated to 800 'C by lower heaters 34 provided below the 
turntable 32. The turntable 32 is rotated at a velocity of 5 rpm, and the burner 31 is moved back and forth 
at a speed of 2.5 mm/s in the radial direction of the turntable 32. The amount of the movement of the 

s burner 31 is 150 mm. The burner 31 supplies the fine glass oxide particles onto the surfaces of the 
substrates 36 placed on the turntable 32 which is rotated as described above, and this uniformly deposits a 
fine-glass-particle layer on the surface of each substrate 36. Excess fine glass particles not deposited on 
the substrates 36 are exhausted by an exhaust pipe 33 and treated by an exhaust treatment unit which is 
provided outside the reactor vessel 35 and evacuates the reactor vessel 35 to the atmospheric pressure or 

io lower. 

In forming an optica! waveguide film, the following glass materials are first supplied from the burner 31 
to the surfaces of the substrates 36, thereby depositing a fine-glass-particle buffer layer on each substrate. 



75 



SiCU 


230 cc/min 


BCfe 


1 0 cc/min 


POCI 3 


2.5 cc/min 



Subsequently, the following material gases are supplied from the burner 3i to deposit a fine-glass- 
20 particle core layer on each fine-glass-particle buffer layer. 



25 



SiCU 


230 cc/min 


GeCU 


40 cc/min 


POCl 3 


2.5 cc/min 



After these fine-glass-particle layers are deposited, the substrates 36 are placed in an electric furnace 
(oven) at 1400 *C. By this high-temperature heat treatment, the layers consisting of the fine glass oxide 
particles deposited on the surface of each substrate are sintered and vitrified. Thereafter, the vitrified core 

30 layer is patterned into ridge-like waveguides having a section of 8 urn square. An over cladding is formed 
on this patterned core layer, thereby manufacturing silica-based waveguides. 

In the gas producing apparatus according to this embodiment, a material in a liquid state is vaporized 
while the flow rate of the material is controlled directly by the liquid flow rate controller 26. Consequently, 
the material can be stably supplied without being influenced by variations in the atmospheric pressure. In 

35 particular, since the stability (reproducibility) of the supply quantity of the liquid material of the liquid flow 
rate controller 26 is at least ±1.0%, it is possible to obtain a stability (reproducibility) of at least ±1.0% for 
the supply quantity of the material gas regardless of variations in the atmospheric pressure. Therefore, even 
if the internal absolute pressure of the reactor vessel varies due to variations in the atmospheric pressure, a 
thin glass film with a fixed film thickness can be formed at any instant. This results in a small film thickness 

40 distribution of the thin glass film. 

The effectiveness of this embodiment was confirmed by the following experiment. That is, SiCU gas 
was supplied at a flow rate of 230 cc/min as mentioned above to deposit a fine-glass-particle buffer layer on 
a metal silicon substrate 100 mm in outer diameter and 3 mm in thickness. At that time, the flow rate of 
liquid SiCU was set at 1 .2 cc/min by the liquid flow rate controller 26, and the flow rate of hydrogen as a 

45 carrier gas was set at 450 cc/min by the gas flow rate controller 29. In addition, the temperature of the 
vaporizer 28 was set at 87 • C by the heater 27a, and the temperatures of the pipes 24b and 24c were set at 
92 *C by the heaters 27b and 27c, respectively. 

Separately, in the conventional gas producing apparatus shown in Fig. 1, SiCU gas was supplied at the 
same flow rate of 230 cc/min to deposit a fine-glass-particle buffer layer on a metal silicon substrate having 

50 the same dimensions. At that time, He as a carrier gas was flowed at a flow rate of 620 cc/min, the 
temperature of the heater 2 was set at 45 *C, the temperature of the condenser 8 was set at 35 * C, and the 
temperatures of the pipes 9a and 9b were set at 40 • C. 

After the buffer layers consisting of the fine glass oxide particles were deposited on the metal silicon 
substrates under the different conditions as described above, these substrates were heated to 1400'C to 

55 form thin glass films. Thereafter, the thin glass oxide films formed by using the gas producing apparatus of 
this embodiment were compared with the thin glass oxide films formed by using the conventional gas 
producing apparatus. Consequently, the film thickness distribution of the thin glass oxide films of silica- 
based waveguides formed by using the conventional gas producing apparatus was 30 ± 0.8 urn, whereas 
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the film thickness distribution of the thin glass oxide films of silica-based waveguides formed by using the 
gas producing apparatus of this embodiment was 30 t 0.3 urn. This demonstrates that the fine glass 
particles produced by the gas producing apparatus of this embodiment were stably supplied from the 
burner 31 without being influenced by variations in the atmospheric pressure, and thereby the effectiveness 

5 of this embodiment was confirmed. 

In the above embodiment, the gas producing apparatus according to the present invention is applied to 
the manufacture of sitica-based planar optical waveguides for optical communications. However, the present 
invention can be applied in exactly the same fashion as discussed above to the manufacture of optical fiber 
preforms. Fig. 7 is a block diagram showing the second embodiment of the present invention in which the 

10 gas producing apparatus of the present invention is applied to the manufacture of opticaJ fiber preforms. 
The gas producing apparatus of this second embodiment has an arrangement similar to that of the 
apparatus of the first embodiment discussed above. In Fig. 7, therefore, the same reference numerals as in 
Fig. 3 denote the same or corresponding parts, and a detailed description thereof will be omitted. 

In this embodiment, fine glass oxide particles are produced following the same procedures as in the 

75 above first embodiment and injected from a burner 31. In manufacturing an optical fiber preform, the fine 
glass oxide particles injected from the burner 31 are blown against a seed rod 40a placed in a reactor 
vessel 45 at a position at which the seed rod 40a opposes the burner 31. Since the seed rod 40a is rotated, 
the fine glass particles are evenly deposited on its surface, and an optical fiber preform 40b grows as the 
deposition proceeds. Excess fine glass particles not deposited on the optical' fiber preform 40b are 

20 exhausted by an exhaust pipe 43 and treated by an exhaust treatment unit 44 provided outside the reactor 
vessel 45 to evacuate the reactor vessel 45 to the atmospheric pressure or lower. 

This second embodiment also has effects similar to those of the above first embodiment. That is, a 
glass formation material is supplied intact in the form of a liquid to a vaporizer 28, and the supply quantity 
of this liquid material is directly controlled by a liquid flow rate controller 26 while the material is kept in the 

25 form of a liquid. In addition, at the same time the liquid material is vaporized by the vaporizer 28, an inert 
gas is supplied to the vaporizer 28 at a fixed flow rate controlled by a gas flow rate controller 29. Since this 
prevents a rise in the internal pressure of the vaporizer 28, the liquid material can be stably supplied from a 
tank 21 to the vaporizer 28. Therefore, a fixed amount of the liquid material is vaporized by the vaporizer 28 
without being affected by variations in the atmospheric pressure. Additionally, the vaporized material is 

30 supplied to the burner 31 together with the inert gas whose flow rate is fixed by the gas flow rate controller 
29, so the burner 31 injects the material gas at a fixed amount at any instant. Also, since a pipe 24c for 
supplying the inert gas to the vaporizer 28 is heated to a temperature higher than the vaporization 
temperature of the material by a heater 27c, the material gas vaporized by the vaporizer 28 is not again 
liquefied by the inert gas. This allows stable supply of the liquid material to the vaporizer 28. Furthermore, a 

35 pipe 24b for supplying the material gas from the vaporizer 28 to the burner 31 is also heated to a 
temperature higher than the vaporization temperature of the material by a heater 27b, so the material gas 
does not liquefy before it reaches the burner 31 . Therefore, a fixed amount of the material gas is constantly 
supplied to the burner 31. As a consequence, a fixed amount of the fine glass particles is deposited on the 
seed rod 40a without being affected by variations in the atmospheric pressure. 

40 The effectiveness of this embodiment was confirmed by the following experiment That is, optical fiber 
preforms were manufactured by using the gas producing apparatus according to the second embodiment 
and the conventional gas producing apparatus shown in Fig. 2. Thereafter, 100 graded index type optical 
fibers were manufactured from each optical fiber preform in accordance with a vapor-phase axial deposition 
method. Subsequently, the transmission band characteristic distributions of the optical fibers at a 

45 wavelength of 1.3 urn were compared. 

In this case, the manufacture conditions for the optical fiber preform manufactured by using the 
apparatus of this embodiment were as follows. That is, to form a core. O2 gas and H2 gas were supplied at 
flow rates of 121 cc/min and 51 cc/min, respectively, to the burner 31, and a glass material gas was 
supplied to the burner 31 under the following conditions. 

50 



SiCU 


1 85 cc/min 


GeCU 


12 cc/min 



55 In order to supply SiCU in the gaseous state at the above flow rate, SiCU in the liquid state to be 
supplied to the vaporizer 28 and hydrogen as a carrier gas were flowed at 0.95 cc/min and 1200 cc/min, 
respectively, in tho apparatus illustrated in Fig. 7. In addition, the temperature of the vaporizer 28 was set at 
84 "C t and the temperatures of the pipes 24b and 24c wer set at 90 *C. Also, to supply GeCU in the 
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gaseous state at the above flow rate to the burner 31, GeCU in the liquid state to be supplied to the 
vaporizer and hydrogen as a carrier gas were flowed at 0.06 cc/min and 900 cc/min, respectively, in a gas 
producing apparatus (not shown) having a configuration similar to that of the gas producing apparatus 
shown in Fig. 7. The temperature of the vaporizer was set at 97 *C, and the temperatures of the individual 

5 pipes were set at 92 * C. 

The manufacture conditions for the optical fiber preform manufactured by using the conventional 
apparatus were as follows. That is, to supply SiCU in the gaseous state at the same flow rate of 185 cc/min 
as described above, argon as a carrier gas was flowed at 110 cc/min, the temperature of the heater 2 was 
set at 55 ' C, the temperature of the condenser 8 was set at 43 • C, and the temperatures of the pipes 9a 

10 and 9b were set at 56 'C, in the apparatus in Fig. 2. Also, to supply GeCU in the gaseous state at the same 
flow rate of 12 cc/min as mentioned above to the burner 31 , argon as a carrier gas was flowed at 80 cc/min, 
the temperature of the heater 2 was set at 42 • C, the temperature of the condenser 8 was set at 30 • C, and 
the temperatures of the pipes 9a and 9b were set at 56 *C, in a gas producing apparatus (not shown) 
having an arrangement similar to that of the gas producing apparatus illustrated in Fig. 2. 

75 The transmission band characteristic distribution of the 100 optical fibers manufactured by using the 
apparatus of this embodiment was measured, and as a result the graph shown in Fig. 8 was obtained. The 
graph shown in Fig. 9, on the other hand, was obtained as a result of the measurement for the transmission 
band characteristic distribution of the 100 optical fibers manufactured by using the conventional apparatus. 
In each graph, the transmission band [MHz»Krri] is plotted on the abscissa, and the fiber number is plotted 

20 in the ordinate. It is understood from these graphs that the transmission band characteristic distribution 
illustrated in Fig. 8 has a small variation compared to that shown in Fig. 9. That is, the fine-glass-particle 
layer deposited on the seed rod by using the gas producing apparatus of this embodiment obviously had a 
small film thickness distribution (preform diameter variation) and therefore was obviously formed without 
being influenced by variations in the atmospheric pressure. 

25 Note that in each of the above embodiments, it is only necessary that the material gas be a gas 
containing one or more types of glass components, and the combustion gas be a gas containing one or 
more types of elements other than that of the material gas, e.g., hydrogen, oxygen, methane, and propane. 
In addition, the carrier gas may be either an inert gas containing one or more types of elements other than 
that of the material gas, e.g., helium, argon, and nitrogen, or a combustion gas. That is, an inert gas is 

30 supplied as a carrier gas to the vaporizer 28 in each of the above embodiments, but it is also possible to 
supply a combustion gas at a fixed flow rate to the vaporizer 28. Effects similar to those of the above 
embodiments also can be obtained by using these gases. 

According to the present invention as has been discussed above, the glass formation material is 
supplied intact in the form of a liquid to the vaporizer, and the supply quantity of this liquid material is 

as controlled by the liquid flow rate control means while the material is kept in the form of a liquid. In addition, 
at the same time as the liquid material is vaporized by the vaporizer, the fixed amount supply means 
supplies an inert gas or a combustion gas at a fixed flow rate to the vaporizer. Since this prevents a rise in 
the internal pressure of the vaporizer, the liquid material can be stably supplied to the vaporizer. Therefore, 
a fixed amount of the liquid material is vaporized by the vaporizer without being affected by variations in the 

40 atmospheric pressure. Furthermore, the vaporized material is supplied to the burner together with the inert 
gas or the combustion gas which is supplied at the fixed flow rate by the fixed amount supply means. This 
permits the burner to inject the material gas at a fixed amount at any instant. Consequently, the film 
thickness distribution of the deposited fine glass particles becomes small to make formation of a glass film 
with good characteristics possible. Therefore, the present invention is particularly effective when applied to 

45 an apparatus for manufacturing optical parts, such as planar waveguides for optical communications, or 
optical fibers. 

From the invention thus described, it will be obvious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure from the spirit and scope of the invention, and all 
such modifications as would be obvious to one skilled in the art are intended to be included within the 
so scope of the following claims. 

The basic Japanese Applications No. 181500/1993 filed on July 22, 1993 and No. 152222/1994 filed on 
July 4, 1994 are hereby incorporated by reference. 

Claims 

55 

1. A gas producing apparatus for producing a glass formation gas, comprising: 
a tank for containing a liquid material which contains a glass component: 
a vaporizer for vaporizing the liquid material contained in said tank; 
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liquid flow rate control means for controlling a flow rate of the liquid material supplied from said 
tank to said vaporizer; 

fixed amount supply means for maintaining a flow rate of the vaporized material output from said 
vaporizer constant by supplying an inert gas or a combustion gas at a fixed flow rate to said vaporizer; 
5 and 

a burner for producing fine glass particles by injecting the material vaporized by said vaporizer 
together with the combustion gas and hydrolyzing the material with flame. 

2. A gas producing apparatus according to claim 1, wherein a pipe for supplying the vaporized material 
io from said vaporizer to said burner and a pipe for supplying the inert gas or the combustion gas from 

said fixed amount supply means to said vaporizer are heated to a temperature higher than a 
vaporization temperature of the material. 

3. A gas producing apparatus according to claim 1, wherein the combustion gas contains at least one 
75 member selected from the group consisting of hydrogen, oxygen, methane, and propane. 

4. A gas producing apparatus according to claim 1, wherein the inert gas contains at least one member 
selected from the group consisting of helium, argon, and nitrogen. 

20 5. A gas producing apparatus according to claim 1, further comprising pressure control means for 
supplying by pressure the material contained in said tank to said liquid flow rate control means by 
supplying a gas controlled in flow rate and pressure to said tank. 

6. A gas producing apparatus according to claim 5, wherein the gas for supplying the material by 
25 pressure contains at least one member selected from the group consisting of helium, argon, and 

nitrogen. 

7. A gas producing apparatus according to claim 1, further comprising at least one replenisher tank 
connected to said tank to replenish the material to said tank. 

30 

8. A gas producing apparatus according to claim 7, wherein the material contained in said replenisher tank 
is supplied by pressure by a gas containing at least one member selected from the group consisting of 
helium, argon, and nitrogen. 

35 9. A gas producing apparatus according to claim 8, wherein a supply pressure from said replenisher tank 
to said tank is higher by at least 0.3 Kgf/cm 2 G than an internal operating pressure in said tank, and 
further comprising flow rate control means for controlling a flow rate from said replenisher tank to said 
tank. 

40 10. A method of manufacturing an optical waveguide by vaporizing a liquid material contained in a tank and 
containing a glass component by a vaporizer, and injecting the vaporized material from a burner to 
deposit the material on a substrate, comprising the steps of: 

controlling a flow rate of the liquid material supplied to said vaporizer at a predetermined value; 

vaporizing the liquid material by said vaporizer; 
45 maintaining a flow rate of the vaporized material output from said vaporizer to said burner constant 

by supplying an inert gas or a combustion gas at a fixed flow rate to said vaporizer; 

producing fine glass particles by injecting the vaporized material together with the combustion gas 
from said burner and hydrolyzing the vaporized material with flame; and 

depositing the fine glass particles thus produced on a rotating substrate. 

so 

11. A method of manufacturing an optical fiber preform by vaporizing a liquid material contained in a tank 
and containing a glass component by a vaporizer, and injecting the vaporized material from a burner to 
deposit the material on a seed rod, comprising the steps of: 

controlling a flow rate of the liquid material supplied to said vaporizer at a predetermined value; 
55 vaporizing the liquid material by said vaporizer; 

maintaining a flow rate of the vaporized material output from said vaporizer to said burner constant 
by supplying an inert gas or a combustion gas at a fixed flow rate to said vaporizer; 

producing fine glass particles by injecting the vaporiz d material tog ther with the combustion gas 
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from said burner and hydrolyzing the vaporized material with flame; and 
depositing the fine glass particles thus produced on a rotating seed rod. 

12. An apparatus for manufacturing an optical waveguide by vaporizing a liquid material containing a glass 
component, and injecting the vaporized material from a burner to deposit the material on a substrate, 
comprising: 

a tank for containing the liquid material; 

a vaporizer for vaporizing the liquid material supplied from said tank; 

liquid flow rate control means for controlling a flow rate of the liquid material supplied from said 
tank to said vaporizer; 

fixed amount supply means for maintaining a flow rate of the vaporized material output from said 
vaporizer to said burner constant by supplying an inert gas or a combustion gas at a fixed flow rate to 
said vaporizer; 

a burner, for producing fine glass particles by injecting the vaporized material together with the 
combustion gas and hydrolyzing the vaporized material with flame; and 

a turntable, arranged to oppose said burner, for supporting and rotating a substrate on which the 
fine glass particles thus produced deposit to form an optical waveguide. 

13. An apparatus for manufacturing an optical fiber preform by vaporizing a iiquid material containing a 
glass component, and injecting the vaporized material from a burner to deposit the material on a seed 
rod, comprising: 

a tank for containing the liquid material; 

a vaporizer for vaporizing the liquid material supplied from said tank; 

liquid flow rate control means for controlling a flow rate of the liquid material supplied from said 
tank to said vaporizer; 

fixed amount supply means for maintaining a flow rate of the vaporized materia) output from said 
vaporizer to said burner constant by supplying an inert gas or a combustion gas at a fixed flow rate to 
said vaporizer; 

a burner for producing fine glass particles by injecting the vaporized material together with the 
combustion gas and hydrolyzing the vaporized material with flame; and 

seed rod support means, arranged to oppose said burner, for supporting and rotating a seed rod on 
which the fine glass particles thus produced deposit to form an optical fiber preform. 
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Fig. 4 
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Fig 8 
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